Thin silicon membranes, with silicide islands made of Si(100) and Si(111) wafers, allow direct observation of crystallographically aligned single-walled carbon nanotubes (SWNTs) growth. The SWNT alignment corresponds to facets of the crystalline silicide islands from which they nucleate. These islands follow the underlying Si substrate lattice structure. SWNTs grown from silicide facets grow as a parallel array with well defined spacing between single tubes and not as bundles.
Thin silicon membranes, with silicide islands made of Si(100) and Si(111) wafers, allow direct observation of crystallographically aligned single-walled carbon nanotubes (SWNTs) growth. The SWNT alignment corresponds to facets of the crystalline silicide islands from which they nucleate. These islands follow the underlying Si substrate lattice structure. SWNTs grown from silicide facets grow as a parallel array with well defined spacing between single tubes and not as bundles.
In the current study, we demonstrate a crystallographically-guided CVD growth of SWNTs on Si(100) and Si(111) substrates using Co/Fe as the growth catalysts. Both metals, used in this study, form the silicides, which are crystallography defined by the host substrate [1] . The lattice -oriented growth of nanotubes on Si with Fe/Mo catalyst has been previously reported [2] but was not attributed to the presence of silicides. In the earlier work from our group [3] , the definitive TEM characterization was not available to establish the origin of the growth mechanism and confirm the quality of the nanotubes grown by this method. Custom Si membrane grids with windows less than 20 nm thick have been fabricated and on which the SWNT were growth. Such grids allow simultaneous imaging of the Si and silicide lattice structure as well as SWNTs using transmission electron microscopy (TEM). The TEM study resolves both the substrate lattice directions and the SWNTs and confirms the crystallographicallyguided growth. The fabrication steps for our thin silicon membrane grids and the subsequent epitaxial silicide and SWNT CVD growth processes are given schematically on FIG. 1. Atomic Force Microscopy (AFM) image of crystallographically oriented SWNTs along with CoSi 2 /FeSi 2 silicide islands from which the SWNT growth seems to initiate, are shown on FIG. 2 (an example for Si(111)). The SWNTs grown on the Si(100) surfaces take two perpendicular directions, whereas those grown on Si(111) surfaces take two preferential directions that form a 60° angle. These directions are the same as the facets of the crystalline silicide islands. The thickness of our silicon membranes allow the resolution of the lattice structure of the Si(100) and Si(111) surfaces simultaneously with the crystallographically oriented SWNTs that were crossing perforated areas ( see FIG. 3 ). These facets follow the Si substrate lattice structure that aligns them to one of the Si axes ([010] and [001] for the case of Si(100) surfaces and the <110> family for the case of Si (111) surfaces. The diameter of the SWNTs measured in TEM was found to be in the range of 1 to 1.3 nm, which is approximately the same as the height of the SWNTs and silicide islands measured using AFM on the bulk samples. This synthesis technique is compatible with an existing mature silicon technology and can allow for the fabrication of high performance nanoelectronic devices. TEM characterization using such novel grids can readily be extended to investigate the growth mechanism of nanostrucrtures on crystalline materials. 
FIG. 2 (top right)
. AFM image of silicide islands (in this case CoSi 2 ) from which crystallographically aligned SWNTs are seen to be grown on Si(111) surfaces. Bright insets show the silicide islands with nanotubes attached to the facets in hexagonal symmetry.
FIG. 3:
A and B (bottom left). High resolution TEM images resolving the lattice structure of the Si(111) surfaces simultaneously with the crystallographically aligned SWNTs that were suspended in the regions where silicon membrane was perforated by ion milling.
